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Description

The present invention relates to an air-fuel ratio con-
trol device according to the precharacterising part of
claim 1.

Document EP-A-0 134 083 shows a generic air-fuel
ratio control device which comprises calculating and
control means by means of which the change in the at-
mospheric pressure is detected by comparing the actual
manifold pressure with the stored atmospheric pressure,
and the control of the air-fuel ratio is carried out when
the atmospheric pressure changes. The purpose of this
technical solution is to effect a calibration when it is likely
to be needed, but to restrict the number of calibrations
with the result that the auxiliary fuel supply used during
the calibration has a long life.

In known engines, when the engine is in the cruising
state, the air-fuel mixture is made lean, and when the
engine is accelerated, the air-fuel ratio is brought to the
stoichiometric air-fuel ratio. When the cruising state of
the engine is started after the engine has been acceler-
ated, the air-fuel mixture is made lean again (Japanese
Unexamined Patent Publication Nos. 60-13936 and
63-129140). In the engine disclosed in Japanese Unex-
amined Patent Publication No. 60-13936, when a rate of
change in the degree of opening of the throttle valve be-
comes smaller than a fixed negative value after the ac-
celeration of the engine is completed, the air-fuel mixture
is changed from that for the stoichiometric air-fuel ratio
to that for a lean mixture. In the engine disclosed in Jap-
anese Unexamined Patent Publication No. 63-129140,
when a rate of change in the pressure in the intake pas-
sage becomes smaller than a fixed negative value after
the acceleration of the engine is completed, the air-fuel
mixture is changed from that for the stoichiometric air-fu-
el ratio to that for a lean mixture.

The output torque of an engine operated by using
the lean air-fuel mixture is much smaller than that where
the engine is operated by using the mixture for the stoi-
chiometric air-fuel ratio, and therefore, when the air-fuel
mixture is changed from the mixture for the stoichiomet-
ric air-fuel ratio to the lean mixture after the acceleration
of the engine is completed, the output torque of the en-
gine is abruptly lowered. In addition, when the operating
state of the engine is changed from the acceleration state
o the cruising state, since the throttle valve is slightly
closed, the amount of air fed into the engine cylinders is
reduced, and thus a decelerating force acts on the vehi-
cle. If the air-fuel mixture is changed from the mixture for
the stoichiometric air-fuel ratio to the lean air-fuel mixture
when the amount of air fed into the engine cylinders is
reduced as mentioned above, the reduction in the output
torque of the engine is superimposed on the decelerating
force due to the reduction in the amount of air fed into
the engine cylinders, and thus there is no dangerthat the
driver will be made uncomfortable by an abrupt reduction
in the output torque. Nevertheless, in the above-men-
tioned known engines, since it is impossible to success-
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fully detect only the change from the acceleration state
to the cruising state, or since a time at which the decel-
erating force due to the reduction in the amount of air fed
into the engine cylinders occurs deviates from a time at
which the reduction in the output torque of the engine
occurs, even if the change from the acceleration state to
the cruising state can be successfully detected, the driv-
er will be made uncomfortable by an abrupt reduction in
the output torque.

Next, this phenomenon will be described with refer-
ence to Figure 6.

Figure 6 illustrates the state wherein the degree of
opening TA of the throttle valve is slightly reduced when
the acceleration of the engine is completed. When a
short time has elapsed after a reduction in the degree of
opening TA of the throttle valve has begun, a reduction
inthe amount of airfed into the engine cylinders is begun,
and as a result, the acceleration G becomes negative,
i.e., a decelerating force acts on the vehicle. In Fig. 6,
the solid line illustrates the case wherein the air-fuel mix-
ture is changed from the mixture for the stoichiometric
air-fuel ratio to the lean mixture when a ratio of change
ATA of the degree of opening TA of the throttle valve be-
comes smaller than a fixed negative valve TAO, as dis-
closed in Japanese Unexamined Patent Publication No.
60-13936, a one-dot and dash line illustrates the case
wherein the air-fuel mixture is changed from the mixture
for the stoichiometric air-fuel ratio to the lean mixture
when a ratio of change APM of the pressure PM in the
intake passage becomes smaller than a fixed negative
value PMO, as disclosed in Japanese Unexamined Pat-
ent Publication No. 63-129140. Nevertheless, since the
rate of change ATA of the degree of opening TA of the
throttle valve and the rate of change APM of the pressure
PM is small, it is difficult to correctly detect that the ATA
has become smaller than the fixed value TAO or that the
APM has become smaller than the fixed value PMO. As
a result, a problem arises in that, when the operating
state of the engine is changed fromthe acceleration state
to the cruising state, the air-fuel mixture will not be
changed from the mixture for the stoichiometric air-fuel
ratioto the lean mixture, and thus the engine will continue
to be operated while using the mixture for the stoichio-
metric air-fuel ratio. Further, if the air-fuel mixture is
changed from the mixture for the stoichiometric air-fuel
ratio to the lean mixture when the ATA becomes smaller
than TAQO or when the APM becomes smaller than PMQO,
since the ATA has become smaller than TAO before a
reduction of the amount of air Q fed into the engine cyl-
inders is begun, the decelerating force G; due to the re-
duction in the output torque of the engine occurs before
the decelerating force Gg due to the reduction in the
amount of air Q occurs, and since the APM becomes
smaller than PMO after the reduction of the amount of
air Q is begun, the decelerating force G, due to the re-
duction in the output torque of the engine occurs after
the decelerating force Gg due to the reduction in the
amount of air Q occurs. In this case, since the deceler-
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ating force G due to the reduction of the amount of air
Q occurs based on an operation by the driver, the occur-
rence of the decelerating force G will not make the driver
feel uncomfortable. Nevertheless, since the decelerating
force G4 or G, due to the reduction in the output torque
of the engine does not occur based on the operation by
the driver, the )occurrence of the decelerating force Gj
or G, will make the driver feel uncomfortable. Further-
more, since a considerable change occurs in the pres-
sure PM when the engine is rotating, a drawback occurs
in that the APM becomes smaller than the fixed value
PMO even though the operating state of the engine has
not changed.

In Fig. 6, the broken line illustrates the case wherein
the change in the pressure PM in the intake passage is
blunted, and the air-fuel mixture is changed from the mix-
ture for the stoichiometric air-fuel ratio to the lean mixture
when arate of change APMA of this blunted value (in the
following - "filtered pressure value") PMA of the pressure
PM becomes smaller than a fixed negative value PMAO.
In this case, since a large amount of change occurs in
the APMA, it is possible to correctly detect the change
from the acceleration state to the cruising state. Never-
theless, since the filtered pressure value PMA is not
changed until a short time after the pressure PM is
changed, the decelerating force G due to the reduction
of the output torque of the engine occurs a short time
after the decelerating force Gy due to the reduction in the
amount of air Q occurs. Consequently, in all of the ex-
amples illustrated in Fig. 6, a problem arises in that the
driver is made uncomfortable when the operating state
of the engine is changed from the acceleration state to
the cruising state.

An object of the present invention is to provide an
air-fuel ratio control device capable of ensuring that the
driver is not made uncomfortable when the operating
state of the engine is changed from the acceleration state
to the cruising state.

This object is achieved by means of the combination
of the features defined in claim 1. Preferable embodi-
ments of the invention are defined in the subclaims.

The present invention may be more fully understood
from the description of a preferred embodiment of the
invention set forth below, together with the accompany-
ing drawings.

In the drawings:

Fig. 1 is a general view of an engine;
Fig. 2 is a flow chart for calculating a difference
between the actual absolute pressure and the stored

absolute pressure;

Fig. 3 is a diagram of the absolute pressure stored
in the map;

Fig. 4 is a flow chart illustrating a main routine;

10

15

20

25

30

35

40

45

50

55

Fig. 5 is a time chart of a control routine according
to the present invention; and

Fig. 6 is atime chart of a control routine of the related
art.

Referring to Figure 1, reference numeral 1 desig-
nates an engine body, 2 a piston, 3 a combustion cham-
ber, and 4 a spark plug; 5 designates an intake valve, 6
an intake port, 7 an exhaust valve, and 8 an exhaust port.
The intake port 6 is connected to a surge tank 10 via a
corresponding branch pipe 9, and a fuel injector 11 for
injecting fuel toward the corresponding intake port 6 is
mounted on the branch pipe 9. The igniting operation by
the spark 4 and the injecting operation of fuel by the fuel
injector 11 are controlled by signals output from an elec-
tronic control unit 20. The surge tank 10 is connected to
the air cleaner (not shown) via an intake duct 12, and a
throttle valve 13 is arranged in the intake duct 12. The
exhaust port 8 is connected to an exhaust manifold 14,
and an oxygen concentration detector (hereinafter re-
ferred to as an O, sensor) 15 capable of detecting both
the stoichiometric air-fuel ratio and the lean air-fuel ratio
is arranged in the exhaust manifold 14.

The electronic control unit 20 is constructed as a dig-
ital computer and comprises a ROM (read only memory)
22 serving as memory means, a RAM (random access
memory) 23, a CPU (micro-processor, etc.) 24, an input
port 25 and an output port 26. The ROM 22, the RAM
23, the CPU 24, the input port 25 and the output port 26
are interconnected by a bidirectional bus 21. A pressure
sensor 16 serving as second detecting means and pro-
ducing an output voltage proportional to the absolute
pressure in the surge tank 10 is arranged in the surge
tank 10, and the output voltage of the pressure sensor
16 is input to the input port 25 via an AD converter 27. A
throttle sensor 17 serving as first detecting means and
producing an output voltage proportional to the degree
of opening of the throttle valve 13 is connected to the
throttle valve 13, and the output voltage of the throttle
sensor 17 is input to the input port 25 via an AD converter
28. The O, sensor 15 produces an output signal repre-
senting the concentration of oxygen in the exhaust gas,
and this output signal is input to the input port 21 via an
AD converter 29. The air-fuel ratio of mixture is deter-
mined from the signal output by the AD converter 29. In
addition, an engine speed sensor 30 producing an output
signal which represents the engine speed NE is conneci-
ed to the input port 25. The output port 26 is connected
to the fuel injector 11 via a drive circuit 31.

Next, an embodiment of an air-fuel ratio control ac-
cording to the present invention will be described with
reference to Figures 2 through 5.

Figure 2 illustrates a routine for calculating a differ-
ence D between the filtered pressure value of the abso-
lute pressure PM in the intake passage and the pressure
PMTA stored in the memory means. This routine is proc-
essed by sequential interruptions executed at predeter-
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mined intervals, for example, every 8 msec.

Referring to Fig. 2, in step 40 the filtered pressure
value PMA of the absolute pressure PM in the surge tank
10 is calculated based on the following equation.

PMA = (7PMA + PM)/8

Where, PMA in the bracket indicates the filtered
pressure value which was calculated in the previous
processing cycle, and PM indicates the current absolute
pressure detected by the pressure sensor 16.

Next, in step 41, the absolute pressure PMTA in the
surge tank 10 while the engine is in the cruising state is
calculated on the basis of the degree of opening TA of
the throttle valve 13, which is detected by the throttle sen-
sor 17, and the engine speed NE detected by the engine
speed sensor 30. This absolute pressure PMTA while the
engine is in the cruising state is experimentally obtained
in advance, and the absolute pressures PMTA obtained
by experiments are stored in the ROM 22 in advance as
a function of the degree of opening TA of the throttle
valve 13 and the engine speed NE as illustrated in Fig.
3. Then, in step 42, the difference D between the filtered
pressure value PMA and the absolute pressure PMTA
while the engine is in the cruising state is calculated by
subtracting PMTA from PMA.

Next, changes in the PMA, PMTA, and D will be de-
scribed with reference to the time chart illustrated in Fig.
5.

Figure 5 illustrates the change of the operating state
of the engine from the acceleration state to the cruising
state, in the same manner as Fig. 6, and at this time, the
degree of opening TA of the throttle valve is slightly re-
duced. As illustrated in Fig. 5, even if the degree of open-
ing TA of the throttle valve is reduced, and a drop occurs
in the absolute pressure PM in the surge tank 10, the
filtered pressure value PMA of the absolute pressure PM
in the surge tank 10 is not immediately lowered but is
maintained at an approximately constant value for a
short time after the reduction of the degree of opening
TA of the throttle valve has begun. Conversely, since the
absolute pressure PMTA during the cruising state is a
function of the degree of opening TA of the throttle valve,
a drop in the absolute pressure PMTA begins as soon
as a reduction in the degree of opening TA of the throttle
valve is begun.

As mentioned above with reference to Fig. 6, a short
time after the reduction of the degree of opening TA of
the throttle valve has begun, the amount of air Q is re-
duced, and the decelerating force acts on the vehicle as
illustrated by the broken line in the acceleration G portion
shown in Fig. 5. At this time, if the air-fuel mixture is
changed from the mixture for the stoichiometric air-fuel
ratio to the lean mixture, immediately before the decel-
eration (-G) reaches a maximum value, the decelerating
force due to the reduction in the output torque of the en-
gine is superimposed on the decelerating force due to
the reduction in the amount of air Q, and as a result, there
is no danger that the driver will be made to feel uncom-
fortable. Therefore, in the embodiment according to the
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present invention, the difference D during the time be-
tween a time at which the reduction of the amount of air
Qisbegun, andaccordingly, the deceleration (-G) begins
to increase, and a time at which the deceleration (-G)
reaches the maximum value, is determined as a fixed
value D, in advance, and when the difference D is great-
er than Dy , the air-fuel mixture is changed from the mix-
ture for the stoichiometric air-fuel ratio to the lean mix-
ture.

Next, the main routine will be described with refer-
ence to Fig. 4.

Referring to Fig. 4, in step 50 it is determined wheth-
er or not a flag, which is set when the acceleration of the
engine is started, is set. When the flag is reset, the rou-
tine goes to step 51, and it is determined from, for exam-
ple, a change in the degree of opening TA of the throttle
valve, whether or not the acceleration of the engine has
started. When the acceleration of the engine has started,
the routine goes to step 52 and the flag is set. Then, in
step 53, the process for controlling the air-fuel ratio on
the basis of the output signal of the O, sensor 15, so that
the air-fuel ratio becomes equal to the stoichiometric
air-fuel ratio after this time, is carried out, and then in
step 54 the other processing is carried out. Consequent-
ly, once the acceleration of the engine is started, the
air-fuel mixture is maintained thereafter at the stoichio-
metric air-fuel ratio.

When the acceleration of the engine has started,
and the flag is set, the routine goes from step 50 to step
55, and it is determined whether or not the difference D
has become larger than the fixed value D When D has
become larger than Dy , the routine goes to step 56 and
the flag is reset. Then, in step 57, the process for con-
trolling the air-fuel mixture on the basis of the output sig-
nal of the O, sensor 15, so that the air-fuel mixture be-
comes lean after this time, is carried out.

According to the present invention, since the differ-
ence between the stored pressure and the filtered pres-
sure value becomes very large when the operating state
of the engine is changed from the acceleration state to
the cruising state, it is possible to correctly detect the
change from the acceleration state to the cruising state.
In addition, since this difference immediately increases
when the reduction of the degree of opening of the throt-
tle valve is begun, it is possible to make the air-fuel mix-
ture leaner when the reduction of the amount of air fed
to the engine cylinder is begun, by comparing the differ-
ence and the fixed value.

The invention has been described with reference to
a specific embodiment chosen for purposes of illustra-
tion.

According to the above description the air-fuel ratio
control device comprises a memory which stores the re-
lationship between the degree of opening of the throttle
valve and the absolute pressure in the intake passage,
which pressure is produced when the engine is in a cruis-
ing state. When a difference between the filtered pres-
sure value of the actual absolute pressure in the intake
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passage andthe absolute pressure stored in the memory
exceeds a fixed value, the air-fuel mixture is changed
from the mixture for the stoichiometric air-fuel ratio to a
lean mixture.

Claims

An air-fuel ratio control device of an engine having
an intake passage having a throttle valve (13)
therein, said device comprising:

first detecting means (17) for detecting the
degree of opening (TA) of the throttle valve;

second detecting means (16) for detecting an
actual absolute pressure (PM) in the intake pas-
sage downstream of the throttle valve; and

memory means (22) for storing a reference
absolute pressure (PMTA) in the intake pas-
sage downstream of the throttle valve, said ref-
erence absolute pressure indicating a pressure
produced when the engine is in a cruising state
and being a function of the degree of said open-
ing (TA) of the throttle valve;

characterized by

calculating means for calculating afiltered pres-
sure value (PMA) which follows said actual
absolute pressure (PM) after a delay; and

control means for controlling an air-fuel mixture
fed into the engine in response to the degree of
opening of the throttle valve, to change said
air-fuel mixture from a stoichiometric air-fuel
ratio to a lean one when said filtered pressure
value (PMA) of said actual absolute pressure
becomes larger by a fixed value (Do) than said
reference absolute pressure (PMTA).

An air-fuel ratio control device according to claim 1,
characterized in that

said reference absolute pressure (PMTA) is
also a function of an engine speed (NE).

An air-fuel ratio control device according to claim 1,
characterized in that

said filtered pressure value (PMA) of said
actual absolute pressure (PM) follows said refer-
ence absolute pressure (PMTA) after a predeter-
mined delay.

An air-fuel ratio control device according to claim 1,
characterized in that

means for detecting an acceleration (G) of the
engine is provided, and said control means makes
said air-fuel mixture leaner when said filtered pres-
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sure value (PMA) of said actual absolute pressure
(PM) becomes larger by said fixed value (Do) than
said reference absolute pressure (PMTA) deter-
mined by the degree of opening of the throttle valve
(13) after the acceleration of the engine has been
started.

An air-fuel ratio control device according to claim 1,
characterized in that

said fixed value (Do), which is the difference
between said filtered pressure value (PMA) of said
actual absolute pressure and said reference abso-
lute pressure (PMTA), indicates a value during a
time between a time at which a deceleration of an
output torque of the engine begins to increase and
a time at which said deceleration reaches a maxi-
mum value.

Patentanspriiche

1.

Vorrichtung zur Steuerung des Luftkraftstoffverhalt-
nisses eines Motors, der eine EinlaBleitung mit
einem darin befindlichen Drosselventil (13) auf-
weist, wobei die Vorrichtung folgendes aufweist:

eine erste Ermittlungseinrichtung (17) zur
Ermittlung des Offnungsgrades (TA) des Dros-
selventils;

eine zweite Ermittlungseinrichtung (16) zur
Ermittlung eines tatsachlichen Absolutdruckes
(PM) in der EinlaBleitung stromabwarts des
Drosselventils; und

eine Speichereinrichtung (22) zur Speicherung
eines Bezugsabsolutdruckes (PMTA) in der
EinlaBleitung stromabwarts des Drosselventils,
wobei der Bezugsabsolutdruck einen Druck
anzeigt, der erzeugt wird, wenn sich der Motor
in einem Fahrzustand befindet, wobeider Druck
eine Funktion des Offnungsgrades (TA) des
Drosselventiles ist;

gekennzeichnet durch

eine Berechnungseinrichtung zur Berechnung
eines gefilterten Druckwertes (PMA), der nach
einer Verzdégerung dem tatsachlichen Absolut-
druck (PM) folgt; und

eine Steuereinrichtung zur Steuerung eines
Luftkraftstofigemisches, das auf den Offnungs-
grad des Drosselventiles hin in den Motor ein-
gefiihrt wird, um das Luftkraftstoffgemisch von
einem stéchometrischen Luftkraftstoffverhalt-
nis zu einem mageren Verhaltnis zu verandern,
wenn der gefilterte Druckwert (PMA) des tat-
sachlichen Absolutdruckes um einen festen
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Wert (Dg) gréBer wird als der Bezugsabsolut-
druck (PMTA).

Vorrichtung zur Steuerung des Luftkraftstoffverhalt-
nisses nach Anspruch 1, dadurch gekennzeich-
net, daB

der Bezugsabsolutdruck (PMTA) auch eine Funk-
tion der Motordrehzahl (NE) ist.

Vorrichtung zur Steuerung des Luftkraftstoffverhalt-
nisses nach Anspruch 1, dadurch gekennzeich-
net, daB

der gefilterte Druckwert (PMA) des tatsachlichen
Absolutdruckes (PM) nach einer vorbestimmten
Verzégerung dem Bezugsabsolutdruck (PMTA)
folgt.

Vorrichtung zur Steuerung des Luftkraftstoffverhalt-
nisses nach Ansprueh 1, dadurch gekennzeich-
net, daB

eine Einrichtung zur Ermittlung einer Beschleuni-
gung (G) des Motors vorgesehen ist und die Steu-
ereinrichtung das Luftkraftstoffgemisch magerer
macht, wenn der gefilterte Druckwert (PMA) des tat-
sachlichen Absolutdruckes (PM) den mittels des
Offnungsgrades des Drosselventils (13) nach dem
Start der Beschleunigung des Motors bestimmten
Bezugsabsolutdruck (PMTA) um den festen Wert
(DO) uberschreitet.

Vorrichtung zur Steuerung des Luftkraftstoffverhalt-
nisses nach Anspruch 1, dadurch gekennzeich-
net, daB

der feste Wert (DO), der die Differenz zwischen dem
gefilterten Druckwert (PMA) des tats&chlichen
Absolutdruckes und des Bezugsabsolutdruckes
(PMTA) ist, wahrend der Zeitdauer zwischen einem
Zeitpunkt, bei dem die Beschleunigung des Abga-
bedrehmoments des Motors beginnt, sich zu erhd-
hen, und einem Zeitpunkt, bei dem die Beschleuni-
gung einen maximalen Wert erreicht, einen Wert
anzeigt.

Revendications

Un dispositif de contréle du rapport air-carburant
d'un moteur ayant un passage d'admission équipé
d'un papillon des gaz (13), ledit dispositif
comprenant :

des premiers moyens de mesure (17) destinés
a mesurer le degré d'ouverture (TA) du papillon
des gaz;

des deuxidmes moyens de mesure (16) desti-
nés a mesurer la pression absolue instantanée
(PM) dans le passage d'admission, en aval du
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papillon des gaz ; et

des moyens de mémoire (22) destinés a mettre
en mémoire une pression absolue de référence
(PMTA) dans le passage d'admission, en aval
du papillon des gaz, ladite pression absolue de
référence indiquant la pression obtenue lorsque
le moteur est en régime de croisiére et étant
fonction dudit degré d'ouverture (TA) du papillon
des gaz, caractérisé par

des moyens de calcul, pour calculer une valeur
de pression filtrée (PMA) suivant ladite pression
absolue instantanée (PM), aprés un intervalle
de temps de retard; et

des moyens de contréle pour contrbler le
mélange air-carburant fourni au moteur en
réponse au degré d'ouverture du papillon des
gaz, afin de modifier ledit mélange air-carburant
pour passer d'un rapport air-carburant stoechio-
métrique a un rapport en mélange pauvre, lors-
que ladite valeur de pression filtrée (PMA) de
ladite pression absolue instantanée devient
supérieure d'une valeur fixe (Do) & ladite pres-
sion absolue de référence (PMTA).

Un dispositif de contréle du rapport air-carburant
selon la revendication 1, caractérisé en ce que ladite
pression de référence absolue (PMTA) est égale-
ment fonction de la vitesse de rotation moteur (NE).

Un dispositif de contréle du rapport air-carburant
selon la revendication 1, caractérisé en ce que

ladite valeur de pressionfiltrée (PMA) de ladite
pression absolue instantanée (PM) suit ladite pres-
sion absolue de référence (PMTA), aprés un inter-
valle de retard prédéterminé.

Un dispositif de contréle du rapport air-carburant
selon la revendication 1, caractérisé en ce que des
moyens sont prévus pour mesurer l'accélération (G)
du moteur, et en ce que lesdits moyens de controle
rendent ledit mélange air-carburant plus pauvre
lorsque ladite valeur de pression filtrée (PMA) de
ladite pression absolue instantanée (PM) devient
supérieure, de ladite valeur fixe (Do), a ladite pres-
sion absolue de référence (PMTA) déterminée par
le degré d'ouverture du papillon des gaz (13) aprés
le commencement de l'accélération du moteur.

Un dispositif de contréle du rapport air-carburant
selon la revendication 1, caractérisé en ce que

ladite valeur fixe (Do), qui est la différence entre
ladite valeur de pression filtrée (PMA) de ladite pres-
sion absolue instantanée et ladite pression absolue
de référence (PMTA), indique une valeur pendant
une durée comprise entre l'instant ou la diminution
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du couple moteur commence & augmenter et l'ins-
tant ou ladite diminution atteint une valeur maxi-
male.
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